During our investigation of patients with retinitis pigmentosa (RP) we became aware of the high incidence of myopic and cylindrical refractive errors.
considerably in excess of the 19% of a normal population with such astigmatic errors.
During our investigation of patients with retinitis pigmentosa (RP) we became aware of the high incidence of myopic and cylindrical refractive errors.
Although 3 previous reports (Usher, 1935; Franqois and Verriest, 1962; Jain and Singh, 1967) from the ophthalmic literature refer to an increased incidence of myopia in patients with RP, none includes specific quantifiable data within each genetic type.
Methods
From a study population of 156 patients (311 eyes) with all genetic types of RP refractions were obtained for 285 eyes. Among these were 17 aphakic eyes, which were excluded from this study, leaving 268 eyes (86% of total) included in the present analysis.
We obtained the majority of the data by manifest refractions. For a few patients the refraction was provided by the referring ophthalmologist.
The spherical refractive errors were expressed in spherical equivalents by adding one-half the cylindrical correction to the spherical correction. Cylindrical refractive errors were measured and analysed in positive dioptres.
Means and standard deviations were used to characterise the patient populations and were computed in the standard fashion. The means are given as mean + SE, N, where N is the number of eyes. The confidence intervals of the means were calculated by using the SE. This is the range in which the mean lies for a specified probability (e.g., 990% confidence interval). The mean and SD were used to construct normal curves for the various patient groups. The differences between the means of the various patient groups were tested for statistical significance by the methods of unpaired observations and unequal variances in a modified Student t-test (Steel and Torrie, 1960) . Unless otherwise noted, the levels of significance are stated for critical values of t in the 2-tailed test.
Five genetic groups of patients with RP were identified within the total study population. Standard criteria for genetic classification were used for the X-linked, autosomal recessive, and autosomal dominant groups. The 'isolated' classification indicates patients who appeared to be the only affected member within a pedigree. We recognise the probability that many of these latter patients have autosomal recessive inheritance. 'Genetic type uncertain' group included patients having at least 1 other affected family member but whose pedigrees were not conclusive for classification. For the majority of patients in the 'type uncertain' group a question exists as to whether they have an Xlinked trait with partial expression in females or an autosomal dominant trait. The total group of RP patients were additionally separated according to age and placed into one of three groups.
Data on the refractive errors in the general population were taken from a study by Sorsby et al. (1960) (Fig. 1 ). This mean is significantly (P < 0-001) more myopic (-2-93 D) than the mean refractive error of the normal population (Sorsby et al., 1960) , also shown in Fig. 1 .
The population of spherical refractive errors from our total study group is described by a mean of -1-86D and SD=3 39D. The 99% confidence interval for the mean is from -1 33 to -2-39 D. Fig. 2 , top, shows this population and the normal curve constructed from the same population parameters. Compared to its normal curve this RP population has an excess in the myopic peak, a paucity in the moderate myopic and mild to moderate hypermetropic ranges, and an excess in the high myopic tail. The hypermetropic tail is absent. The mode (peak) curve, having an excess in the myopic side of the peak compared to the hypermetropic side. The spherical equivalent refractive errors from the X-linked population show a rectangular distribution having the bulk of values between 0 and -9-00 D, and a high myopic tail from -9 00 to -16-00 D (Fig. 2, centre) . The mean is quite myopic (-5-51 +0 63 D, N=41) . In this population of 41 eyes, 39 have myopic refractive errors (-0 50 to -1 6-00 D). This X-linked population has 33 eyes (80% of its total) that are more myopic than the median spherical error (-0 5 D) of the total population (Fig. 2,  top) . Because of the flat distribution it is inappropriate to construct a normal curve for this population.
The non-X-linked population of 227 eyes (Fig. 2 , bottom) has spherical refractive errors described by a mean of -1-20 +±019 D, N 227, and SD =2-79 D. The 99% confidence interval for the mean is -072
to -1 18 D. The normal curve constructed from these parameters describes its non-X-linked population fairly symmetrically, although the population is slightly skewed, having an excess in the myopic tail compared to the hypermetropic side of the peak. Compared to its normal curve, the non-X-linked group shows an excess in the myopic peak, a deficiency in the moderate myopic and mild to moderate hypermetropic regions, and an excess in the high myopic tail. The hypermetropic tail is absent.
The total RP population was separated into groups by age and genetic type. The mean spherical refractive errors, SD, and number of eyes were computed for each group (Table) . These mean spherical refractions are displayed in the bar graph (Fig. 3) . For each of the three age groups and the total the X-linked myopic mean is significantly higher (P<0-01) than the mean refraction of the corresponding non-X-linked population (Fig. 3 , (Fig 3) , for both the non-X-linked and the total RP means. In the non-X-linked population the mean spherical equivalent refractions for the group 51 years and older is significantly less (P < 0-05) The RP population shows considerable cylindrical refractive errors, extending from 0 to + 5 00 D (Fig. 4) . Cylindrical errors greater than 0 5 D are found in 74% of the RP patients. For a normal population only 19% have cylindrical refractive errors of this magnitude.
The astigmatic errors for X-linked and non-Xlinked groups are shown in Fig. 5 . Of the 41 Xlinked eyes 80% have cylindrical errors greater than 0 5 D. For the non-X-linked group of 227 eyes this figure is 73%. Astigmatic errors of high cylinder (>2-5 D) appear slightly more frequently for the X-linked group than for the non-X-linked group. 
Discussion
The outstanding features of this analysis of the RP study population are (1) the significant myopic shift of the mean spherical refractive errors from the mean of a normal population; (2) the more highly myopic mean of the spherical errors in the X-linked group than in the other RP genetic groups; and (3) the much greater prevalence of astigmatic refractive errors than in a normal population.
Comparing the spherical errors of RP and normal populations, one finds similar distribution shapes but a significant (P< 0 001) difference in the means by nearly -3 D. These 2 populations, compared to their respective normal curves (Figs. 1 and 2, top) , show an excess in the peak and deficiencies on both sides of the peak. Both have a longer myopic than hypermetropic tail, a feature that is exaggerated in the RP population. It appears that the entire RP population has a -3 D myopic component added almost uniformly to an otherwise normal spherical refractive error distribution shape. This possibility appears more evident for the non-X-linked RP distribution (Fig. 2, bottom) than for the highly myopic, rectangular distribution of the X-linked group (Fig. 2, centre) .
We note that Sorsby et al. (1960) derived their 'normal distribution' differently from that used for our RP population study (see legend, Fig. 1 ). For the 81% of their population having cylinders less than or equal to 0-5 D they used the same 'spherical equivalent' as in the RP analysis. For the remaining 19% of their population with cylinders greater than 0 5 D they used the least ametropic meridian, a technique that understates the true spherical refractive error of the eye. Sorsby et al. (1960) found that astigmatic values of greater than 0 5 D were concentrated around the central spherical values and were proportionately more frequent with hypermetropic than myopic refractions. Thus, if their spherical errors were converted entirely to spherical equivalent values, the mean of these data would be slightly more hypermetropic than is presented here. This data conversion would increase the width and lower the peak of the distribution, causing it to approximate more closely to the shape (but not the mean) of the RP distribution.
The X-linked group is, on the average, more highly myopic than the remainder of the RP population. Of the 41 eyes in the X-linked group 80% (33 eyes) are more myopic than the median refractive error of the remaining RP population. The X-linked group contributes to the myopic skew of the total RP population. The high degree of myopia in the X-linked type extends into the youngest group of patients examined. Among the 7 Fig. 6 Spherical refractive errors for retinitis pigmentosa patients grouped by X-linked and non-X-linked types. X-linked group has higher myopic errors and may contain two subgroups, one under peak of non-X-linked population and second under myopic tail found in the normal population. These errors are seen throughout the 5 genetic groups without any particular clumping of values in any one genetic type. The X-linked population shows only a slight excess of the higher astigmatic errors than does the non-X-linked population (Fig. 5) . This excess must be interpreted with caution in view of the small number of X-linked eyes (N=41). For astigmatic errors in all 5 genetic groups there is no strongly positive correlation with the spherical refractive state. Patients with high myopic errors tend to have high astigmatic errors; hypermetropic spherical errors (+ 1 00 to +4 50 D) tend to have low astigmatic errors. However, eyes with spherical errors in the centre of the main distribution (+ 1 00 to -4 00 D) have a wide range of astigmatic errors (0 00 to 4-00 D).
The higher degree of myopia in the X-linked form of RP is of interest. A similar association of myopia and X-linked genetic inheritance with a stationary form of nyctalopia is already known (Carr, 1974) . The explanation of the higher incidence of myopic and cylindrical refractive errors in RP patients of all genetic types is uncertain. Whether it is a specific finding for this retinal pathology is yet to be determined.
